Abstract -
I. INTRODUCTION
Edge detection is defined as a process of identifying and locating sharp discontinuities in an image [1] . Classical methods of edge detection involve convolving the image with an operator, which is constructed to be sensitive to large gradients in the image while returning values of zero in uniform regions. There are an extremely large number of edge detection operators available, each designed to be sensitive to certain types of edges. Edge detection is a common technique for detecting abnormalities in mammogram. A mammogram is a special type of X-ray of the breasts. Mammograms are recommended for women who have symptoms of breast cancer or who have a high risk of the disease. Patient stand in front of an X-ray machine and the radiographer helps to position breast between two plastic plates. The plates press the breast and make it flat. Mammogram images usually contain abnormalities such as microcalcifications, calcifications and masses. If the radiologist has confirmed that the mammogram shows some abnormalities, then the abnormalities should be
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Microcalcifications are specks of calcium that may be found in an area of rapidly dividing cells. Many are seen in a cluster, they may indicate a small cancer. Since microcalcifications are small and subtle abnormalities, they may be unobserved by an examining radiologist [3] . Thus, to find the exact boundary of microcalcifications in mammogram images, we used several edge detection techniques by using image processing techniques. The edge detection techniques must satisfy a test which called the Breast Phantom Test before goes to the segmentation process.
The breast phantom is used to test whether the edge detection is able to detect the characteristic details which hidden behind the phantom. The characteristic details include masses, specs and fibrils. All of these characteristic details are 'hidden' behind the breast phantom. In this study, the MRI-156 phantom exposed at 25kv the semi-auto mode is used. At 25kv, the image has high contrasts which represent the fatty breast. This implies that the image is difficult to be differentiated between characteristic details and background. Then, a scoring will be made by a radiologist to test whether the edge detection produces a good or poor image quality. The scoring is based on American College Radiology (ACR) [4] . According to the ACR, one phantom is enough to be use to perform the scoring of breast phantom for accreditation.
In this paper, three edge detections will be used; Sobel, Prewitt and Laplacian of Gaussian (LoG). These edge detections must satisfy the phantom scoring phase first. Finally, it will be applied on the Enhanced Distance Active Contour (EDAC) to segment the boundary of microcalcification on mammographic images. The performance of each edge detection technique will be measured by using the Area Under the Curve (AUC) of the Receiver Operating Characteristic (ROC) curve [5] .
II. THE ENHANCED DISTANCE ACTIVE CONTOUR
Snake or active contour [6] 
The first term of Equation (1) represents the internal energy which is responsible for the smoothness and deformation process of the contour. The terms ) (s α and ) (s β is the elasticity and rigidity parameter respectively. As the value of α keep on increasing, the curve becomes straight between two points. Similarly for the large value of β , it will produce a smooth curve. The external energy function attracts the deformable contour to the boundary or edge of the image. The energy functional in Equation (1) must satisfy the EulerLagrange equation which can be expressed as:
According to Hou and Han, [7] The Finite Difference Method (FDM) is selected due to its simplicity. Besides, the calculation is much faster compared to other method. In order to solve the matrix equations, the right hand sides of Equation (2) is set equal to the product of a step size γ such that;
where A is the pentadiagonal banded matrix. The subscript t is the iterations number. Then, the vertices are calculated by:
where I is an n x n identity matrix.
Based on the history and evolution of some Active Contour models, most researchers prefer to enhance and study the GVF Active Contour [8] . In addition, [9] has present the citation occurrence of the DAC with the evolution of the Active Contour models from the year 1987 until 2010. Thus, the GVF Active Contour grows to be more popular unlike the DAC which is less popular. The idea of the DAC is derived by Cohen & Cohen where the Potential force based on the Euclidean distance is used [10] . One of the reasons for choosing the DAC is that based on literature, the interest among researchers is low and limited to comparison purposes only. For instance, [8] introduced the GVF Active Contour as well as the DAC and made some comparisons. It is found that the GVF Active Contour performs much better. Then, another study is done where GGVF Active Contour [11] is proposed to improve the GVF Active Contour. Again, the DAC is used for comparison purposes only. The Enhance Distance Active Contour (EDAC) is used to segment microcalcifications was proposed by Yasiran. It was obtained from modification and enhancement of the original Distance Active Contour (DAC) [12] However, the EDAC model still has some weaknesses. Based on [13] , it is found that some of the results from the EDAC model could not able to differentiate between background tissue and microcalcifications. This is due to the edge detection component applied in the EDAC model. Hence, some experiment on different edge detection techniques should be conducted to. The algorithms of the EDAC model are illustrated as in Figure 1 :
{
Step 1: read image;
Step 2: compute edge map using Canny ;
Step 3: compute the external force;
Step 4: initialize the Active Contour;
Step 5: Active Contour deformation; }
Step 6: display Active Contour result; } Fig.1 The algorithms of EDAC model.
From Figure 1 , the Step 2 shows that the edge map is computed by using the Canny edge detection technique. This edge map will be replaced and computed by using different three edge detection techniques; Sobel, Prewitt and Laplacian of Gaussian (LoG). The new values of edge map obtained from each of the edge detection technique will affects the entire steps of the EDAC algorithms.
III. THE SOBEL, PREWITT AND LAPLACIAN OF GAUSSIAN (LoG) EDGE DETECTION
The Sobel operator is based on convolving the image with a small valued filter in horizontal and vertical direction. Thus, it is relatively inexpensive in terms of computations. Another advantage of the Sobel edge detection is faster and compatible with all image resolution. It can be applied to configure any image frame size, edge threshold and data width. It is also compatible, flexible and easy to be integrated with other modules. Sobel can be applied on mammogram image to identify the outline of the object boundary [14] . The masks of its larger size provided good smoothing operation and reduce noise. Therefore, edges of microcalcifications area in mammogram can be detected. The mask of Sobel edge detection can be expressed as: The combination of these two masks is used to find the magnitude of gradient. The gradient magnitude of the edge, the formula can b expressed as:
To find the angle of orientation of the edge, the formula can be expressed as:
Prewitt edge detection is also known as edge template matching. This is because a set of edge templates is matched to the image. Each represents an edge in a certain orientation. Then, it will calculate the maximum response of a set of convolution kernels to find the local edge orientation for each pixel. Prewitt edge detection produces an image where higher grey-level values indicate the presence of an edge between two objects. According to [15] , the Prewitt edge detector is an appropriate way to estimate the magnitude and orientation of an edge. In addition to that, the Prewitt edge detection is simple to implement and less computational cost as compared to other edge detector. The Prewitt edge detection masks The formula to calculate the magnitude and angle of the Prewitt edge detection is similar as in Equation (9) and (10) respectively. The Laplacian of Gaussian (LoG) used small masks called the kernel. Figure 2 illustrates the image of kernel. By using one of these kernels, Laplacian can be calculated using standard convolution methods. According to Gonzalez and Woods [16] , Laplacian is combined with smoothing to find edges via zero-crossing. This can be express as in Equation (13) since the LoG is the second derivative, so the image will be smoothed first. Thus, the external force of the EDAC model is much faster and easier to be calculated.
IV. MATERIALS AND METHODS
This study is mainly divided into four major stages. The first stage is data collection and pre-processing. The mammogram images are obtained from the National Cancer Society Malaysia (NCSM). In the pre-processing stage, we adjust the images by using Adobe Photoshop CS3 software.
The second stage is the experiments of all edge detection technique. In this phase, we will modify all the three edge detection techniques on the EDAC model. Then, it will be tested on the breast phantom. If the technique did not pass the scoring criteria, then it will be modified again. A total of 10 is required to meet the quality imaging standards established by the American College of Radiology [17] . This process will keep on repeated until the techniques pass the breast phantom scoring test. On stage three, the edge detection techniques will be implemented on mammogram to segment the boundaries of microcalcifications.
Finally, the ROC curve will be applied on the final results of segmentation to measure the performance of the edge detection techniques. The ROC curve is a powerful method in determining the accuracy of an algorithm. This method is widely used in medical image data which associate with algorithm development [18] . The ROC curve is representing changes of the sensitivity and specificity of edge detection. The Sensitivity and specificity can be defined by the following definitions;
• True Positive (TP) when edge detection technique can segment correctly and excludes background tissue of the breast.
• False Positive (FP) when edge detection technique can segment correctly but includes background tissue of the breast.
• False Negative (FN) when edge detection technique segment incorrectly but excludes the background tissue of the breast.
• (15) where sensitivity defined as the probability edge detection segmentation result is correct and excludes the background tissue of the breast. The specificity is computed as:
where specificity is defined as the probability edge detection segmentation result is incorrect and includes the background of the breast. The higher value of the Area Under the Curve, (AUC) the better is the performance of the edge detection technique used. The techniques are considered as good as the area of ROC approaches to 1 [19] .
V. EXPERIMENTAL RESULTS

A. BREAST PHANTOM AND MAMMOGRAM
The results of the breast phantom scoring for the Prewitt, LoG and Sobel are as illustrated in Table 1 Since all edge detection techniques satisfy the scoring criteria, then the segmentation process phase is carried out. Some of the segmentation results are as illustrated in Figure 3 . 
B. RECEIVER OPERATING CHARACTERISTIC (ROC) CURVE
Radiologists will evaluate the ROC curve for each of the edge detection technique. Figure 4 illustrate the ROC curve of three edge detection techniques. From Figure 4 , the ROC Curve is represented as values of (1-specifictiy) versus the sensitivity. The value of AUC for Sobel, Prewitt and LoG are 0.72, 0.79, and 0.71 respectively. This shows that the Prewitt is the good technique to be used in segmenting micracalcifications.
VI. CONCLUSION
The three edge detection technique is implemented on EDAC model for segmenting the boundary of microcalcifications.
In conclusion, the Prewitt shows the best edge detection technique with the highest value of AUC. This is followed by the Sobel and LoG edge detection.
